
with mycorrhiza have been reported to increase plant growth and yield under salinity or NaCl 
stress conditions, such as Ocimum basilicum (Ashoori et al., 2015) and Lens culinaris (Rahman 
et al., 2017). Biochar is a porous, �ine-grained substance similar to charcoal and decomposes 
much more slowly than other organic matter in the soil. Although biochar has little plant 
nutrient content, its high surface area and porous structure increase the soil surface area, 
provide a habitat for bene�icial soil microorganisms, aid in water retention, and reduce 
leaching out of nutrients. All of these functions increase the availability of nutrients to plants 
(Schahczenski, 2010). Vermicompost is a hummus-like substance formed when organic matter 
is broken down by the joint action of earthworms and microorganisms (Lazcano et al., 2008). 

Maize in Bangladesh has appeared as an important cereal crop. A good number of 
experiments have been conducted so far using mycorrhizal fungi, biochar, and vermicompost. 
For instance, the �indings of Dawar et al. (2002) suggested that biochar and vermicompost can 
increase maize growth and yield characteristics as a sole amendment. However, their co or 
combined application in the presence of recommended NPK is an excellent strategy for 
enhancing maize growth in poor organic matter soils. Tafara et al. (2017) found that a 
remarkable reduction in plant performance was noted when biochar was applied at 100%. He 
recommended using biochar as a bio-fertilizer at 50/50% biochar: vermicompost in maize and 
cabbage production. Song et al. (2022) experimented using biochar and vermicompost. He 
depicted that using vermicompost showed better results than using biochar alone or the 
biochar-compost combination. Besides, Karami et al. (2018) study explored the fact that the 
combined application of mycorrhizal fungi and vermicompost increased the yield of maize. So, 
we hypothesized that using AM fungi, biochar, and vermicompost can improve maize yield in 
saline conditions which yet to be explored. Hence, the present investigation was carried out to 
evaluate the effect of indigenous Arbuscular Mycorrhizal Fungi (AMF), biochar, and 
vermicompost on biomass, nodulation, colonization, and yield characters of maize in saline soil.

2. Materials and Methods

2.1  Experimental location and season
      The experiment was conducted during January to June 2022 and 2023 in the net-house 

of Soil Science Division, BARI, Joydebpur, Gazipur (230 59'38'' N latitude, 900 24'89'' E 
longitude and 8.4 m elevation).

2.2 Seed collection and soil preparation
Seeds of maize (BARI Hybrid Maize-9) were collected from Bangladesh Wheat and Maize 

Research Institute (BWMRI), Regional Of�ice, Gazipur. The silted (sandy clay loam) soils were 
collected from the bank of Turag River at Kodda, Gazipur and soil was mixed with cowdung at 
a 5:1 ratio. Each pot (28 cm in diameter and 23 cm in height) was �illed with eight kg soil. Table 
1 represents the physical and chemical properties of the soil and that of cowdung. 
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combined application of mycorrhizal fungi and vermicompost increased the yield of maize. So, 
we hypothesized that using AM fungi, biochar, and vermicompost can improve maize yield in 
saline conditions which yet to be explored. Hence, the present investigation was carried out to 
evaluate the effect of indigenous Arbuscular Mycorrhizal Fungi (AMF), biochar, and 
vermicompost on biomass, nodulation, colonization, and yield characters of maize in saline soil.

2. Materials and Methods

2.1  Experimental location and season
      The experiment was conducted during January to June 2022 and 2023 in the net-house 

of Soil Science Division, BARI, Joydebpur, Gazipur (230 59'38'' N latitude, 900 24'89'' E 
longitude and 8.4 m elevation).

2.2 Seed collection and soil preparation
Seeds of maize (BARI Hybrid Maize-9) were collected from Bangladesh Wheat and Maize 

Research Institute (BWMRI), Regional Of�ice, Gazipur. The silted (sandy clay loam) soils were 
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2.3 Soil analysis
Soil pH was measured by a combined glass calomel electrode (Jackson, 1962). Organic 

carbon was determined by wet oxidation method (Walkley and Black, 1934). Total N was 
measured by the modi�ied Kjeldahl method (Jackson, 1962). Calcium, K, and Mg were 
determined by the NH4OAc extraction method (Black, 1965). Copper, Fe, Mn, and Zn were 
determined by DTPA extraction followed by Atomic Absorption Spectrophotometry (AAS). 
Boron was determined by CaCl2 extraction method (Page et al., 1982). Phosphorus was 
determined by Modi�ied Olsen method (Olsen et al., 1954). Soil S was determined by 
CaH4(PO4)2.H2O extraction followed by turbidimetric turbidity method with BaCl2 (Chesnin 
and Yien, 1950). 

2.4   Preparation of salinity solution and production of mycorrhizal biofertilizer
Required salinity concentrations were prepared according to New South Wales (NSW), 

Australia, and applied thrice during experimentation. Firstly, before transplanting the maize 
seedlings, one month after transplanting, and �inally, before the �lowering stage of the maize 
plants. The soil-based AM fungal inoculum containing 150 g of rhizosphere soil 
(approximately 252 ± 20 spores/100 g soil) and infected sorghum root fragments with a 
minimum colonization level was inoculated to each mycorrhizal pot. The mycorrhizal 
inoculum was placed in each pot at 3-5 cm depth. It was covered with a thin soil layer of 1 cm 
immediately before the three maize seedlings transplantation to facilitate fungal colonization 
of plant roots. Flow diagram 1 illustrates the production of mycorrhizal biofertilizer. 

2.5  Identi�ication of AM fungal spores
AM fungal spore, single spore or sporocarps were easily picked up from the Petridish by 

extrude pipette and mounted on a glass slide with a drop of polyvinyl lactophenol (PVL) and a 
cover slip was placed. Subsequently, recovered spores were distinguished or identi�ied with 
the help of a Manual and different taxonomic keys proposed by different workers (Schwarzott 
et al., 2001). For identi�ication of spore or sporocarps we considered spore morphology, size, 
shape and peridium of spore, sporocarps colour, wall ornamentation, subtending hyphae and 
mode of attachment.
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2.5  Fertilizer application
Chemical fertilizers were applied as a soil test basis according to the method described in 

the fertilizer recommendation guide (BARC, 2018). All fertilizer except urea was used as basal 
during �inal land preparation, and urea was applied as a top dressing in two equal splits 25 and 
45 days after sowing. Mycorrhiza, Biochar, and Vermicompost were collected from the Soil 
Science Division, BARI, Gazipur, and applied as per the requirement described in the 
treatment. The chemical composition of biochar and nutrient status of vermicompost used in 
the investigational pot are presented in Table 2.



2.6  Design of experiment and treatments
The experiment was designed in CRD with ten treatments and four replications. The ten 

treatments were T1 : Control (not absolute control), T2 : Arbuscular mycorrhiza (AM), T3 : 
Biochar @10 t ha-1, T4 : Vermicompost@ 3 t ha-1,T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar 
@ 10 t ha-1,  T7 : AM + Vermicompost @ 3 t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : Biochar 
@ 5 t ha-1 + Vermicompost @ 3 t ha-1 and T10 : AM + Biochar @ 5 t ha-1 + Vermicompost @ 3 t 
ha-1. Maize seeds were initially sown in the seedbed using mycorrhiza (@ 1 kg m2) and 
non-mycorrhiza. After 14 days, seedlings raised in the mycorrhizal bed were transferred to the 
AM treatment pots, and seedlings raised in the non-mycorrhizal bed were transferred to 
without the AM treatment pots. Finally, the treatments were sustained with 03 
well-established vigorous seedlings pot-1.

Crop (maize) was harvested at maturity. Subsequently, growth parameters, biomass, 
colonization, yield and yield contributing characters, and spore population were recorded.

2.7 Assessment of spore population and root colonization (%)
The Olympus SZX10 microscope and Olympus BX41 �luorescence microscope were used 

for calculating spore population and root cononization (%). The spore population was 
assessed following the Wet Sieving and Decanting Method (Gerdemann and Nicolson, 1963). 
All the AM spores were isolated from the extract with the help of �ine forceps and put into a 
watch glass with a small quantity of water. The extract, with AM spores, was observed under a 
stereomicroscope, and the number of spores was counted. Spore numbers from the three 
replicates per sample were averaged, and the result was expressed as a number per 100 g of 
dry soil basis. The root slide technique estimated the percentage of AM colonization (Read et 
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al., 1976). A root segment was considered positively infected if it showed mycelium, vesicles, 
and arbuscules, or any other combination of these structural characteristics of AM 
colonization. The presence or absence of colonization in the root pieces was recorded, and the 
percent colonization was calculated by dividing the number of AM-positive segments by the 
total number of segments scored and multiplying this value by 100. 

2.8  Statistical analysis
Experiment data were statistically analyzed using Analysis of Variance (ANOVA) following 

the Statistix 10 package. Correlation was done by the pearson method utilizing open source 
software R version 4.2.2 and RStudio.

3. Results

3.1 Effects on growth, biomass, colonization and spore population of maize 
The effects of Arbuscular Mycorrhizal Fungi (AMF), biochar, and vermicompost on growth 

parameters, biomass, colonization, and spore population of maize are presented in Table 4 
and Figs. 1-4. Signi�icant differences were found in all the parameters except leaf number 
plant-1 in both years and plant height and root fresh weight in 2023. In 2022, the highest plant 
height (217 cm), leaf number (12.7 plant-1), root fresh weight (117.5 g plant-1), shoot fresh 
weight (161.8 g plant-1), root oven dry weight (25.8 g plant-1), shoot oven dry weight (79.7 g 
plant-1), root colonization (53.3 %) and spore population (67.5, 100 g-1 soil) were observed in 
AM + Vermicompost @ 3 t ha-1 treatment. The lowest plant height (201 cm), leaf number (12.1 
plant-1), root fresh weight (85.3 g plant-1), shoot fresh weight (130 g plant-1), root oven dry 
weight (17.8 g plant-1), shoot oven dry weight (57.7 g plant-1),  root colonization (3.34 %) and 
spore population (30.5, 100 g-1 soil) were observed in the control treatment. 

In 2023, the highest plant height (213 cm), leaf number (10.7 plant-1), root fresh weight 
(30.4 g plant-1), shoot fresh weight (133.8 g plant-1), root oven dry weight (17.8 g plant-1), 
shoot oven dry weight (61.5 g plant-1), root colonization (50.0 %) and spore population (76.0, 
100 g-1 soil) were observed in AM + Vermicompost @ 3 t ha-1 treatment. The lowest plant 
height (198 cm), leaf number (9.58 plant-1), root fresh weight (24.6 g plant-1), shoot fresh 
weight (106 g plant-1), root oven dry weight (13.8 g plant-1), shoot oven dry weight (46.1 g 
plant-1), root colonization (12.5 %) and spore population (43.5, 100 g-1 soil) were observed in 
control treatment. 

2.5  Fertilizer application
Chemical fertilizers were applied as a soil test basis according to the method described in 

the fertilizer recommendation guide (BARC, 2018). All fertilizer except urea was used as basal 
during �inal land preparation, and urea was applied as a top dressing in two equal splits 25 and 
45 days after sowing. Mycorrhiza, Biochar, and Vermicompost were collected from the Soil 
Science Division, BARI, Gazipur, and applied as per the requirement described in the 
treatment. The chemical composition of biochar and nutrient status of vermicompost used in 
the investigational pot are presented in Table 2.
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@ 10 t ha-1,  T7 : AM + Vermicompost @ 3 t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : 
Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1 and T10 : AM + Biochar @ 5 t ha-1 + 
Vermicompost @ 3 t ha-1.

T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar @ 10 t ha-1, T4 : Vermicompost @ 3 
t ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar @ 10 t ha-1,  T7 : AM + Vermicompost @ 3 
t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1 and 
T10 : AM + Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1. The values represent means of 04 
replicates. Different letters within each column indicate signi�icant differences between 
treatments. Test Statistix 10. **Signi�icant P≤0.01, *Signi�icant P≤0.05, ns non signi�icant.
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Fig. 1 Effects of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on root 
oven dry weight of maize. T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar 
@10 t ha-1, T4 : Vermicompost @ 3 t ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar 
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@ 10 t ha-1,  T7 : AM + Vermicompost @ 3 t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : 
Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1 and T10 : AM + Biochar @ 5 t ha-1 + 
Vermicompost @ 3 t ha-1.

Fig. 2 Effects of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on shoot 
oven dry weight of maize. 

Fig. 3 Effects of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on root 
colonization (%) of maize. 
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Fig. 1 Effects of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on root 
oven dry weight of maize. T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar 
@10 t ha-1, T4 : Vermicompost @ 3 t ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar 
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3.2 Effects on yield and yield contributing characters of maize 
Results on the effect of Arbuscular Mycorrhizal Fungi (AMF), biochar, and vermicompost 

on yield and yield-contributing characteristics of maize are presented in Table 5 and Fig. 5. 
Signi�icant differences were found in all the parameters except ear length and number of rows 
ear-1 in both years and 50 kernel weight in 2023. In 2022, the highest ear length (10.2 cm), 
number of rows (18.1 ear-1), number of kernel (499 pot-1),  50 kernel weight (12.0 g), ear 
weight (162 g pot-1) and kernel yield (101 g pot-1) were observed in AM + Vermicompost @ 3 
t ha-1 treatment. The lowest ear length (9.52 cm), number of rows (14.1 ear-1), number of 
kernels (220 pot-1), 50 kernel weight (10.5 g), ear weight (96.3 g pot-1), and kernel yield (52.8 
g pot-1) were observed in the control treatment. 

In 2023, the highest ear length (7.98 cm), number of rows (17.5 ear-1), number of kernel 
(290 pot-1), 50 kernel weight (11.1 g), ear weight (110 g pot-1) and kernel yield (60.0 g pot-1) 
were observed in AM + Vermicompost @ 3 t ha-1 treatment. The lowest ear length (6.75 cm), 
number of rows (14.0 ear-1), number of kernel (176 pot-1), 50 kernel weight (9.13 g), ear 
weight (74.5 g pot-1) and kernel yield (37.0 g pot-1) were observed in control treatment. It was 
noticed that AM + Vermicompost @ 3 t ha-1 treatment (T7) produced the highest kernel yield 
(101 g pot-1, 91.9% higher over control in 2022 and 60.0 g pot-1, 62.2% higher over control in 
2023) of maize which was signi�icantly different from the rest of the treatments.

48

Fig. 4 Effect of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on spore 
population of maize. 
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-T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar @10 t ha-1, T4 : Vermicompost@ 3 t 
ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar @ 10 t ha-1,  T7 : AM + Vermicompost @ 3 t 
ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1 and 
T10 : AM + Biochar @ 5 t ha-1 + Vermicompost @ 3 t ha-1. The values represent means of 04 
replicates. Different letters within each column indicate signi�icant differences between 
treatments. Test Statistix 10. **Signi�icant P≤0.01, *Signi�icant P≤0.05, ns non signi�icant.
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Fig. 5 Effects of Arbuscular Mycorrhizal Fungi (AMF), biochar and vermicompost on kernel 
yield of maize.
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15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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results even though the pure culture strain of AM fungal inoculum production constrained us. 
Bene�its include saving capital costs and helping to achieve sustainable agriculture and food 
security in Bangladesh. It is strongly suggested that environmental factors be addressed for 
rigorous further research.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.

References
Ashoori, M., Ashraf, S. and Alipour. Z. T. 2015. Investigating the effect of two species of 

mycorrhiza fungi and salinity on growth, function and chlorophyll content on 
Ocimum basilicum. Int. J. of Agri Crop Sci, 8 (3):503-509.

BARC (Bangladesh Agricultural Research Council). 2018. Fertilizer Recommendation Guide. 
Bangladesh Agricultural Research Council, Farmgate, New Airport Road, 
Dhaka-1215, pp 91.

Black, C. A. 1965. Methods of Soil Analysis. Part I and II. American Soc. of Argon. Inc. Pub. 
Madison, Wisconsin, USA.

Cavender, N., Atiyeh, R. and Knee, M. 2003. Vermicompost stimulates mycorrhizal colonization 
of roots of Sorghum bicolor at the expense of plant growth. Pedobiologia, 47, 85-89.

Chesnin, L. and Yien, C. H. 1950. Turbidimetric Determination of Available Sulphates. Soil Sci. 
Soc. Am. J, 15:149-151.

Copetta, A., Bardi, L., Bertolone, E. and Berta, G. 2011. Fruit production and quality of tomato 
plants (Solanum lycopersicum L.) are affected by green compost and arbuscular 
mycorrhizal fungi. Plant Biosyst, 145 (1):106-115.

Dawar, K., Khan, A., Mian, I. A., Khan, B., Ali, S. and Ahmad, S. 2022. Maize productivity and soil 
nutrients variations by the application of vermicompost and biochar. PLoS ONE, 17 
(5), e0267483. https://doi.org/10.1371/journal.pone.0267483

Gerdemann, J. W. and Nicolson, T. H. 1963. Species of mycorrhiza lendogone species extracted 
from soil by wet sieving and decanting method. Transaction of the British 
Mycological Society, 46:235-246.

Jackson, M. L. 1962. Soil Chemical analysis. Constable and Co. Ltd., London.
Jain, M. C., Sharma, M. K., Bhatnagar, P., Meena, M. and Yadav, R. K. 2012. Effect of mycorrhiza 

and vermicompost on properties of vertisol soil and leaf content of nagpur mandarin 
(Citrus reticulata Blanco). Asian J. Horti, 7 (2):528-532.

Karami, H., Maleki, A. and Fathi, A. 2018. Determination effect of mycorrhiza and 
vermicompost on accumulation of seed nutrient elements in maize (Zea mays L.) 
affected by chemical fertilizer. J. Crop Nutr. Sci, 4 (3):15-29.

Laufer, J. and Tomlinson, T. 2013. Biochar Field Studies: An IBI Research Summary (Research 
Summary) (pp. 1-10). International Biochar Initative.

 T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar @10 t ha-1, T4 : 
Vermicompost @ 3 t ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar @ 10 t ha-1,  
T7 : AM + Vermicompost @ 3 t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : Biochar 
@ 5 t ha-1 + Vermicompost @ 3 t ha-1 and T10 : AM + Biochar @ 5 t ha-1 + Vermicompost 
@ 3 t ha-1. 

4. Discussion
AM + Vermicompost @ 3 t ha-1 treatment (T7) produced the highest yield because the same 

treatment produced the higher plant biomass, and the higher biomass was for consequently 
higher sporulation and colonization that bolster rhizospheric microbiome activity and 
enhanced nutrient acquisition by maize plant. These results are supported by the �indings of 
Warnock et al. (2010), Copetta et al. (2011) and Cavender et al. (2003).

As can be seen, mycorrhizal inoculation results in better yield than non-mycorrhizal 
treatments under saline conditions. The �indings of Rahman et al. (2019) depicted that 
arbuscular mycorrhizal colonization increases yield by reducing the adverse effects of salinity 
up to 6 dS m-1, and this increased yield and yield traits associated with increased dry biomass,  
nodulation, colonization, nutrient concentration, and uptake of the plant under AM 
inoculation. This increase in yield could be due to vermicompost, which is used as an 
amendment with high levels of nutrient content. Jain et al. (2012) reported that the 
application of vermicompost increased the soil's N, P, and K content.

Soil amendments, along with mycorrhiza and vermicompost, enhanced maize's ear weight 
and kernel yield. These results support an experiment by Laufer and Tomlinson (2013), where 
biochar's application improved maize yield over the control plot by 2.2 tons per hectare. 
Shishehbo et al. (2013) also showed that biological yield was higher when vermicompost was 
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application.

5. Conclusions
The result showed that AM + Vermicompost @ 3 t ha-1 treatment produced the highest 

growth parameters, biomass, colonization, and yield characteristics of maize in 8 dS m-1 saline 
soil, and the control treatment produced the lowest growth parameters, biomass, 
colonization, and yield characters of maize in saline soil. The T7 treatment produced the 
highest kernel yield of maize showing 101 g pot-1 which 91.9% higher over control in 2022 and 
60.0 g pot-1 exhibiting which 62.2% higher over control in 2023. This result was signi�icantly 
higher over that of the other treatments. Therefore, the combined use of AM fungi and 
vermicompost could sustain soil health and ensure better crop productivity in a saline 
environment of Bangladesh. We justi�ied our research objectives and achieved tremendous 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 
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15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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results even though the pure culture strain of AM fungal inoculum production constrained us. 
Bene�its include saving capital costs and helping to achieve sustainable agriculture and food 
security in Bangladesh. It is strongly suggested that environmental factors be addressed for 
rigorous further research.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.

References
Ashoori, M., Ashraf, S. and Alipour. Z. T. 2015. Investigating the effect of two species of 

mycorrhiza fungi and salinity on growth, function and chlorophyll content on 
Ocimum basilicum. Int. J. of Agri Crop Sci, 8 (3):503-509.

BARC (Bangladesh Agricultural Research Council). 2018. Fertilizer Recommendation Guide. 
Bangladesh Agricultural Research Council, Farmgate, New Airport Road, 
Dhaka-1215, pp 91.

Black, C. A. 1965. Methods of Soil Analysis. Part I and II. American Soc. of Argon. Inc. Pub. 
Madison, Wisconsin, USA.

Cavender, N., Atiyeh, R. and Knee, M. 2003. Vermicompost stimulates mycorrhizal colonization 
of roots of Sorghum bicolor at the expense of plant growth. Pedobiologia, 47, 85-89.

Chesnin, L. and Yien, C. H. 1950. Turbidimetric Determination of Available Sulphates. Soil Sci. 
Soc. Am. J, 15:149-151.

Copetta, A., Bardi, L., Bertolone, E. and Berta, G. 2011. Fruit production and quality of tomato 
plants (Solanum lycopersicum L.) are affected by green compost and arbuscular 
mycorrhizal fungi. Plant Biosyst, 145 (1):106-115.

Dawar, K., Khan, A., Mian, I. A., Khan, B., Ali, S. and Ahmad, S. 2022. Maize productivity and soil 
nutrients variations by the application of vermicompost and biochar. PLoS ONE, 17 
(5), e0267483. https://doi.org/10.1371/journal.pone.0267483

Gerdemann, J. W. and Nicolson, T. H. 1963. Species of mycorrhiza lendogone species extracted 
from soil by wet sieving and decanting method. Transaction of the British 
Mycological Society, 46:235-246.

Jackson, M. L. 1962. Soil Chemical analysis. Constable and Co. Ltd., London.
Jain, M. C., Sharma, M. K., Bhatnagar, P., Meena, M. and Yadav, R. K. 2012. Effect of mycorrhiza 

and vermicompost on properties of vertisol soil and leaf content of nagpur mandarin 
(Citrus reticulata Blanco). Asian J. Horti, 7 (2):528-532.

Karami, H., Maleki, A. and Fathi, A. 2018. Determination effect of mycorrhiza and 
vermicompost on accumulation of seed nutrient elements in maize (Zea mays L.) 
affected by chemical fertilizer. J. Crop Nutr. Sci, 4 (3):15-29.

Laufer, J. and Tomlinson, T. 2013. Biochar Field Studies: An IBI Research Summary (Research 
Summary) (pp. 1-10). International Biochar Initative.

 T1 : Control, T2 : Arbuscular mycorrhiza (AM), T3 : Biochar @10 t ha-1, T4 : 
Vermicompost @ 3 t ha-1, T5 : AM + Biochar @ 5 t ha-1,  T6 : AM + Biochar @ 10 t ha-1,  
T7 : AM + Vermicompost @ 3 t ha-1,  T8 : AM + Vermicompost @ 6 t ha-1,  T9 : Biochar 
@ 5 t ha-1 + Vermicompost @ 3 t ha-1 and T10 : AM + Biochar @ 5 t ha-1 + Vermicompost 
@ 3 t ha-1. 

4. Discussion
AM + Vermicompost @ 3 t ha-1 treatment (T7) produced the highest yield because the same 

treatment produced the higher plant biomass, and the higher biomass was for consequently 
higher sporulation and colonization that bolster rhizospheric microbiome activity and 
enhanced nutrient acquisition by maize plant. These results are supported by the �indings of 
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treatments under saline conditions. The �indings of Rahman et al. (2019) depicted that 
arbuscular mycorrhizal colonization increases yield by reducing the adverse effects of salinity 
up to 6 dS m-1, and this increased yield and yield traits associated with increased dry biomass,  
nodulation, colonization, nutrient concentration, and uptake of the plant under AM 
inoculation. This increase in yield could be due to vermicompost, which is used as an 
amendment with high levels of nutrient content. Jain et al. (2012) reported that the 
application of vermicompost increased the soil's N, P, and K content.

Soil amendments, along with mycorrhiza and vermicompost, enhanced maize's ear weight 
and kernel yield. These results support an experiment by Laufer and Tomlinson (2013), where 
biochar's application improved maize yield over the control plot by 2.2 tons per hectare. 
Shishehbo et al. (2013) also showed that biological yield was higher when vermicompost was 
applied along with azotobacter and arbuscular mycorrhizal fungi; however, according to 
Copett et al. (2011), the best dry weight yield occurred at compost rates of 75% and AM fungi 
application.

5. Conclusions
The result showed that AM + Vermicompost @ 3 t ha-1 treatment produced the highest 

growth parameters, biomass, colonization, and yield characteristics of maize in 8 dS m-1 saline 
soil, and the control treatment produced the lowest growth parameters, biomass, 
colonization, and yield characters of maize in saline soil. The T7 treatment produced the 
highest kernel yield of maize showing 101 g pot-1 which 91.9% higher over control in 2022 and 
60.0 g pot-1 exhibiting which 62.2% higher over control in 2023. This result was signi�icantly 
higher over that of the other treatments. Therefore, the combined use of AM fungi and 
vermicompost could sustain soil health and ensure better crop productivity in a saline 
environment of Bangladesh. We justi�ied our research objectives and achieved tremendous 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.
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1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 
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15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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results even though the pure culture strain of AM fungal inoculum production constrained us. 
Bene�its include saving capital costs and helping to achieve sustainable agriculture and food 
security in Bangladesh. It is strongly suggested that environmental factors be addressed for 
rigorous further research.
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